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AMERICAN RAILWAY ENGINEERING ASSOCIATION 



^art 2 
Specifications 



'SPECIFICATIONS FOR STEEL RAILS 
(Rcapprovcd with revisions JW4) 

1. Scope 

1 .1 The» specifications cover steel tee fails weighing 1 1 5 Ib./yd. and over for use in railway track . 

1.2 Drawing? of recommended rail sections arc «±own an pages 4-1-3 through 4-1-7 of llris 
manual. 

U ASTM SpcciDcationfi A 1 . A 2, and A 759 are referenced for tee rails weighing 60 Ib./yd. and 
over, girder rails, and crane rails, respectively* 

1,4 Sopplcmcntary requirements SI and S2 shall apply only when specified by the purchaser. 

2. Manufacture 

2.1 ThestcdshalLbemadfibyanyQfute^ basic oxygen » or electric 

furnuce. 

2JZ The steel shall be cwtby acontinuous process, in hot topped ingots, or by other methods acreed 
by purchaser raid manufacturer. 

23 Sufficient discard shall be taken from ingots and Wooms rolled from ingcu to insure freedom 
from injurious sefirc^tion and pipe. 

2-4 Rails shall be fumislied in thcas-roDed (standard and alloy) . head-ha/dencd , f uny-beut-treaicd. 
or on-line-hardened conditions as agreed by purchaser and inanufacaircr- 



in Vol. 11.1910. pwr I. PP . 137,235; Vol. 13. Ml. P « J, ^ Vol. 12. I91l.pmjl.p. J»v«. u, .""•J 

!3 . ,017: vol. * ivi^.pp. til. IK»; v*. is, tw.*. ™*<W 11 i^^imii^ 

l» lPPt «10, ,413; Vol. 31 , 1 930. pp. I J™. Vol. 37. lUl .pp. W7.*l*Vol. ^jM>.n».fiOS.M2l^oL^ lW ; Pp ; 06,W; 

B L3lU*37.,p.m,63*v*.<!»^^^ 



'KcfcrencdSt. VoJ. 3. J9Uj,pp. W.208:Va|. S.ltfM.pp. <SS.*«>! V*. 4. l0oS.ppJ8a- t V O l.7.IW».pp.*l^573, V«|. in, 19U9. 
P »nt.pp.V*.*>* vol 11.1910. PM Tl.p P ,3J7 ? a»; vol. .i. rvii.p-i,*"*. Voi.u. iwi.iwja.p.JJ! vu is I9«.pp, 

1 9 JO 

™£;Tt^ 

wz,,!s y !.7^va.M.t9M.pp.«^ ! 

VoJL 73. 1974. p. 479; Vol. 8ft, 1979. p. I* Vol. 85, 1984. * 13; Vol. 8>. |M p- W. Vol. Bfr, p. 71; Vol 92, 1991, p. 5S> 
Vol. M. 1992. p. 57i ^©l 9a. p. 67; Vol. 9*. I W. P- 54. k 
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3. Ch«mical Composition 

3.1 The chemical composition of the standard nil sled dctamircd as prescribed in 3.3 shall Ik 
within (he following limits: 









Product Analyst, 








"Weight Percent 




Chemical Analysis, 


Allowance Beyond Limits of 




Weight Percent 


Specified Chemical Analysis 


Element 


Mm. 


Max. 


Under Min. 


Over Max. 


Carbon 


0.72 


0.B2 


0.04 


0.04 


Manganese 


0.80« 


1.10* 


0.06 


0.06 


Phosphorus 




0,035 




0.008 


Sulfur 




0,037 




OJD08 


Silicon 


0.10 


0.60 


0.02 


0.05 


Nickel 




* 






Chromium 










Molybdenum 




* 






Vanadium 




* 






+Thc manganese and residual element limits may be varied by the rnannfacitirtr to meet the 


mechanical property requirements OS follows: 








Manganese 


Niche) 


Chromium 


Molybdenum 


Vanadium 


Mm. Ma*. 


Max. 


Mnx* 


Max. 




0.60 0.79 


0.25 


0.50 


0,10 


0LQ3 


1.13 1,2$ 


0JZ5 


0.25. 


0.1O 


0,05 



3.1.1 Finished material representing the heat may be product tested. The product analysis shall be 
within the limits for product analyses specified in 3*1. 

3.2 The chemical composition limits of alloy hin>alzeogtb rail U subject to aaTeeemenl of the 
purchaser and manufacturer. 

3 3 Separate analysis shall be made &um test samples representing one of the first three and oneof the 
Inst three ingots or continuously cast blooms preferably taken during pouring of the heal. Determination 
may be mode chemically Of spcctrographieally. Any portion of the heat meeting the chemical analysis 
requirements of 3,1 may be applied. Additionally, any material meeting the product analysis limits 
shown in 3.1 may be applied after testing such material. 

3.4 Upon request by the purchaser, samples shall be Jumishcd to verify die analysis as dc4crmin«d in 

3.3 

33 The first analysis shall be recorded as the official heat analysis, but the pnrehaser shall have 
access to all chemic&J analysis determmatioos. 

Rail hears shall be tested for hydrogen conteni using either a sampling/analytical method 
or a direct measurement method. The testing shall be performed either during the continuous casting 
process or during ingot teeming. Hydrogen content (") shall be recorded and available for review or. 
reporting at the request of the purchaser. The protocer shall define the method nsed to determine 
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Rail 



4.2-2.1 



hydrogen content, which of the following methods are used for hydrogen removal, and present 
evidence of applicable procedures used to control the final rail hydrogen, 

» Vacuum Degassing 
■ Bloom Control Cooling 
- Rail Control Cooling 

♦(Note; As a result of the use of different methods and reporting procedures, the comparison of 
hydrogen levels between various rail producer* may not be appropriate.) 

4. Mechanical Properties 
4 J. Surface Hardness 

4XL Rails shall be produced as specified by the purchaser within (be following limits: 

Brinell Hardness, HB 

Minimum MaxfattPm 

Standard Rail 300 — 

High-Strength Roil (alloy and heat treated) 541 388* 

-May bo gjscuctJk* pfO*W*d * hilly JWliUj* prfCrWWV^rc »« mUnuliecL 

4.1,2 The Brinell hardness test shall be performed on a rail or a piece of rail al least $ inches 
lorn] cut from a rail of each heat of steel or heat-treatment lot A test report shall be furnished to the 
purchaser. 

44*2,1 The test shall be made on the side or top of the rail bead after decor bunted material 
has been removed to permit an accurate determination of hardness. 

44,2,2 The test shall otherwise be conducted in accordance with ASTM E 10, "Standard Test 
Method for Brincll Hardness of Metallic Materials," latest version. 

4.1 J If any hardness test result fails to meet the specifications, two additional checks shall be 
mad* on the same piece. If both checks meet the specified hardness* the heat or heal treatment lot 
meets the hardness requirement if cither of the additional checks fails, two further rails in the heai 
or lot shall be checked. Both of these checks must be satisfactory for me heat Or lot 10 be accepted. If 
any one of these two checks fail s, individual rails may be tested for acceptance. 

4.1.4 If me results for heat-treated rails fails to meet Urn requirements of 4. 1 . 1, the rails may be 
rcticaicd at the option of the- manufacturer* an such rails shall be Attested in accordance with 4.1.2 
and 4.13. 

4JZ Internal Hardness of High Strength Rail 

4*2.1 The internal hardness of high strength rail shall be determined on a transverse specimen 
cut from the head and at least six inches from the end of the rail. The specimen shall be ground so 
thai the transverse surfaces are paralN. 

A 22, The hardness shall be determined at intervals of not greater than 1/8 inch along traverses 
1, 2, and 3 and at positions 4 and 5 as shown in Figure 4.1. Traverse 2 can extend into tho web of the 
rail (X + 1.6") upon ogrcement between the purchaser and the manufacturer. 



t 

t 

i 

j 
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4.2.5 The hardness tests shall be conducted with cither of the following methods: Brincll 
(ASTM EU*>. Rockwell (ASTM E1S*'). or Victors (ASTM 692"*), The results sJ»» "parted 
in the units of the method uscd> The results shan be reported in Brincl! (using ASTM BUD**** for 
conversion) when requested by the porthaser. 

•ASTM BIO SlnnlaniTcK Mfittwd for Biindl HftrttocM of Metallic MaiwiaU. 
♦♦ASTM £18 Slawlarri T«l MclbOfl fw Rockwell Jlnptaros and Rockwell Superficial HflrtJiK** of Mctnllie Mrtwriola. 
• "ASTM E92 Siwriart T«i Method fox- Vlckerc Hwtow of M«aMfc Material*. 
« "ASTM El 40 SuiKbri Hcnlnws Coiwmion Tablet for Mwalfc 

43.* The hardness at a depth of 3/8 inch on lines 1, 2, and 3 and m points 4 and 5 of Figure 
4.1, shall be MlHB or m'sher. 

4:2-5 The testing frequency shall be one test per heat or 10,000 feet of tail, whichever is the 
smaller amount Of rail. 

«.<f If any test specimen fails to meet Ihc required hardness, two additional test specimens 
shall be obtained from the same lot and tested. If both meet the requirements, the lot shall be 
accepted. If one of (he specimens fails to meet the requirements, two additional rails from the lot 
shall be sampled and tested. Both or Uume tests must be tatisfiiClOty for the lgl to be accepted,' If On 
of the tests is unsadstactory, individual rails may be sampled end tested for acceptance. 

If the results for heai-trcatcd rail fail to meet the requirements, the rails represented by 
the test may be reheairtreated ;md tested 



Intersection 
of transition 
and comer radif 



1/8" 



1/8" 

X = 45% d Rail Head Height 
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Figure 4.1 
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4.3 TCdfiilc Properties 

43,1 Ralls shall be produced as specified by the purchaser widiin the Following limits. 



Standard 



fTigfa-Strcpgth 



Yield Strength, ksi, minimum 
Tensile Svcngih, ksi, minimum 
Elongation in 2 inch, percent, minimum 



70 
140 
9 



110 
170 
10 



43^ Ono longitudinal tension test specimen Shall be taken from the rpiuge corner of the rail 
head, centered 172 inch from the gauge side and 1/2 inch from [he running surface. 

433 The specimen shall be 0.5 inch diameter and shall be tested per ASTM A37G. Standard 
Test Methods and Definitions for Mechanical Testing of Steel Product* 

4.3.4 For standard roil, the tew frequency shall be one test for each heat for the first one 
hundred hems, one test for every fifth heat for the second hundred heats and one test for every tenth 
bent thereafter for heats furnished to the same customer. 

4.3.5 For high-strengtn rait, me'tesung frequency shall be one lost per heat or 10,000 feet of 
mil. whichever is the smallest amount of mil. 

4.3.6 If Any test specimen fails because of a malfunoion of the test equipment or a flaw in the 
specimen, il shall be discarded and another One taken. 

4.3.7 If a test specimen foils lo meet the required tensile properties, two additional lest 
specimens shall be cut from rails from The same loi and tested. If both meet the requirements, the Jot 
shall be accepted. If one of the tests fails to meet the requirements, two additional rails from the lot 
shall be sampled and tested. Bom of the tests must be satisfactory for the lot to be accepted. If one of 
these tests is unsatisfactory, individual rails may be sampled and tested for acceptance. 

43.& Tf the results for heat-treated hign-sUength rail fail id meet the requirements, the rails 
represented by the test may be reheoweated and retested. 

5. Section 

SA The section of the rails shall conform to the design specified by die purchaser subject to the 
following tolerances OO dimensions. 

Inches (Thousandths) 

Plus Minos 

5.1.1 height of rail (measured within I ft from end) 0.0*0 0.015 

5. 1 .2 width of rail head (measured within I ft. from end) 0.O30 0,030 
5.13 thickness Of web 0,040 0.020 
3.M width of cither flange 0.040 0.040 
5.1 J Width Of base 0.O5O 0.050 

5. 1.6 Base concav icy shall not exceed 0.01 0*. Convexity is not permitted. 

5.1.7 No variation will be allowed in dimensions affecting the fit of the joint bars, except thai the 
fishing templet may Stand out not lo exceed 0.060" laterally. 
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5-2 Verification of tolerances shall be made using appropriate gages, as agreed upon by purchaser 
and manufacturer. 
6, Browliat and Scamping 

6.1 Branding shall be rolled m raised characters on the side of the web of each rail at a minimum of 
every 16 fL in accordance with the following requirements: 

6.1-1 The data and order of arrangement of the branding dial! be as shown in the following typical 
brand. Che design of loners and numerals (0 bo optional with the manufacturer. 

j 32 RE CC Manufacturer 1982 in 

(Weight) (Section) (Method of (MiU Brand) (Year (Month 

Hydrogen Rolled) Rolled) 

Elimination 
if indicated 
In Brand) 



6.2 The web or each rail shnll be hoi Stamped at a minimum of every 16 ft, on the side opposite the 
brand, and shall not occur within two fret of either «f»d of rails of standard lengths, end in accordance 
with (he following requirements; 

6.2.1 The data shall be shown in the folio wing typical jumping- The height of the letters and 
numerals shall be 5/8". 



297165 


ABCDEFGH 


12 


BC 


(Heat Number) 


(Rail Letter) 


(Ingot Number) 


(Method of Hydrogen 




or 


Elimination, if 






(Strand & Bloom Number) 


indicated in 








stamping) 



The lop rail from each ingot shall normally be hoi stamped "A" and succeeding ones "&V\ 
•<r\ *D*\ "E*\ etc,, consecutively. 



6.2.2.1 The top rail from each hoc topped ingot rosy be hot stamped "B" and succeeding ones "C, 
"D". "E", etc, consecutively, when agfead between purchaser and manufacturer. 

6.2.3 Ingots shall be numbered in the order cast. 

6.2. 4 Rails from continuous cast blooms shall be identified by a resignation for heat number, strand 
ntirabtift »id bloom number. 

(Note strand and bloom numbers may be joined or may be coded at the manufacturer's option). 
Hie rail shall be identified by an alphabetical designation beginning with "P"\ and succeeding "ft 1 *. 
**S M , T". etc.. consecutively, or any other icfenlificaiion of the position of the rail within the casl» as 
agreed between (he purchaser and manufacturer. 

6\Z5. The 5/8" stamped characters shall have a flat or radius face (0.040" to 0.060" wide) with bevels 
on each side so as not to produce rnelnlturjical iws risers. The letter? and numbers shall be on a I (T angle 
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from vqrfie^ are! ShaUhavcic^^ 

center of the web. The design shall be as shown in Figure 6.1, 

A BCDEFG H 
I J KL M N OP 

QRS T.U VWX:«[ 
Y Z 1 2 3 4 5.^7 
6 7890 

DESIGN OF SPECIAL LETTERS AND NUMBERS ON A 10* ANGLE 
FOR HAIL STAMPS, NO SH&RP COANEftS 

Figure 6*1 



62.6 High strength rail shall be identified in accordance with Section 15. ] . 
7- Hydrogen Elimination 

?.I TV mil shall he Fr« from shatter Crack*. 

7.2 The above shall he accomplished by ai least one or the following processes: 

Control Cooling of R«ifc (CC) (See Appendix 1 > 
Control Cooling of Blooms CBQ 
Vacuum Treated (VT) " 

Such other processes as will meet The auditions frf 7.1 (OP] 
7 J The, mill brand or stamp shull Identify the process used by the initials in nnrenlhtse* shown jn ; 
Section 7,2. 
8. Ultrasonic Testing 

8.1 RaOs shall be tilirasonically icuad for internal imperfections subject the provisions of 8,2 
through S.8. 

8.2 Full lcoffh of the rail shall be tested using in line ultrasonic testing equipment provided by me 
manufacturer except, if agreed 10 between purchaser and manufacturer, rails may be tested in 
accordance *dth Supplementary requirement S2. The rail shall be free from rough surfaces, loose scale 
or foreign matter which would interfere with the Ultrasonic detection of defects. Testing shall be done 
when the nil temperature is below 150°P. 

S J The calibration test rail shall be a full section rail of the same section as that being tested. The 
lest rail shall be long enough to allow callbraiian at the Same raw of speed as the production rail. 

M The si*e, shape, location and orientation of calibration references to be placed in the test rail 
shall be agreed upon by the purchaser and manufacturer, At least one reference shal) be put into the test 
rail to represent each search unit in the system. 
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8.4.1 The in-line testing system sensitivity level* usmgihe calibration rail, shall be adjusted todctcet 
a minimum 3/32 in. diameter defect anywhere in lhe *00rtd path In ihe head, a minimum of 1/16 in. 
diameter In the web, and longitudinal imperfections exceeding \fl in. length And greyer than 1/J6 in. 
depth oeeurinc in the base. 

8.4.2 Any indication equal to or greater than the references specified in 8 .4 . 1 when scanning the fail 
at the production upeed shall be cause for Initial rejection. A record sh^l be made of each suspect rail. This 
record shall he available to the purchaser's Inspector, 

8.5 The calibration rail shaJlbcrun through (he ultrasonic tcstiiig equipment at the suit of each shift 
or at least once each 8 hour Operating turn and addi tionally at any section change Or m any indication of 
equ ip men c mal ru n etron . A record s haU be maintained by the mnnu [adv tCf of eac h time the calibration test 
mil is run tnrough Ihc test system. This record shall be available to ihc purchaser's inspector. 

8.6 In the cveatof a calibration failure, all rails processed since die last successful calibration shall be 
rctcfiled. 

8.7 The suspect rail may be retested using manual non-dcsiruccive tesiuig techniques before final 
rejection. The testing criteria of the manual non-dsslroctWc rt testing shall be in accordance wiih Section 
8,4. The method of inspection shall be agreed to between purchaser and manufacturer, 

6.8 Rejected rails shall becut back to sound metal as indicated by the ultrasonic testing subject to the 
length restriction? in Section 1 1 - Hie cut shall be a minimum of 12 inches from any indication, 

9. Interior Conditio n/Maerocfch Standm-ds 

9.1 Snmple Location and Frequency } 

9.J.1 Ingot Steel • A test piece representing ihc top end of the top rail from One of the first (hrce, 
middle three, arid last three ingots of each heat shall be maeroeiched. 

9 J .2 Continuous Cast Steel - A test piece shall bcmacrOef chad representing a rail from each strand 
from the beginning of each sequence and whenever a new ladle is begun, which is Ihc point 
reprcsofitailvc of the lowest level in the tundish (i.e. the point of lowest fenustalic pressure.) One 
additional sample from the end of each srrtmd of the last h*at in the sequence shall also be tested. A new j 
tundish is considered to be the beginning .of a new sequence. j 

9.1»3 Upon receipt the purchaser has the right ro examine any rail from any part of a hear at bis 
option, and if the purchaser determines that the roll sample selected is rcjectionab) e, the entire heat shall 
bo re-evalualcd according to Section 9,4. 

9 J, Sample Preparation I 

9.2.1 A full transverse section of the rail can be cut by ubrasive or mechanical means as long as Core 
is maintained in preventing metallurgical damage. 

9.2.2 The face to be etched shall bwvc at least 0 125 microinch finish. \ 
9*2,3 The sample shall be degased and totally immersed in a hot (160° to 180*F) one to one j 

mixture, by volume, of concentrated hydrochloric acid (38 volume percent) and water to sufficiently j 
etch me specimen. Etching lime shall be between ten and twenty minutes. The solution surface shall be 
at least one inch above the etched surface. j 
9,2*4 Upon removal from the bath, the sample shall be rinsed and brushed under hot water and J 
dried. The sample shall net be blotted dry. A rust inhibitor may be applied W the etched fctce at ihc request 
of (he purchaser. j 
9,3 Mocroctch Evaluation * 
I 93A According to Figure 9.1 .» the areas of cress section shall be defined as head, web. and 

base. Schematic descriptions of some rejccdonablo conditions are depicted In Figures 9.2 through 
9, ] Ol Photographs of rejectionable conditions are presented in Appendix 2. ; 
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